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有极强的适应能力和繁殖能力，它已被列为世界 10 种 有害的杂草之一。本研
究以厦门大学后山的马缨丹为研究对象，研究了不同浓度马缨丹叶片及根系水浸








浸液对 4 种农作物的种子萌发及幼苗生长具有低浓度（2 mg/mL）轻微促进、中




和衰老叶中总酚均在春季达到 高（从 48.44 ± 1.89 mg/g，68.72 ± 6.12 mg/g），
秋季 低（27.62 ± 4.78 mg/g，32.55 ± 6.70 mg/g）；成熟叶 N 含量在 14.61 ± 0.56 
~ 20.05 ± 0.99 mg/g 之间，春季 高，冬季次之，秋季 低。然而，夏秋冬 3 季
衰老叶中 N 含量无显著差异（P > 0.05），春季 低。成熟叶和衰老叶中 P 含量
的季节变化趋势一致，秋季 低，冬季 高。 
马缨丹叶片 N:P 小于 14，表明马缨丹存在 N 限制，相应地叶片衰老过程中
















成熟叶总酚、N 和 P 含量、内吸收率（RE）及 N:P 的相关性分析表明：总
酚与 N、P 含量及 N:P 有显著线性正相关（P < 0.05），说明总酚与养分的积累具
有同步性，物种叶片总酚的提高，可以提高其在营养循环中的竞争优势，这进一
步提高了马缨丹的入侵能力。成熟叶氮内吸收率（NRE）与 N 含量之间存在显
著正相关（r = 0.908，P < 0.001），衰老叶则呈现显著负相关（r = -0.739，P < 0.05），
然而，磷内吸收率（PRE）与 P 含量无显著相关。 
3.马缨丹落叶分解过程中残留率、总酚及 N、P 含量动态研究表明：落叶分
解过程中，总酚含量在分解56天内急剧下降（从26.74 ± 1.96 mg/g降至5.59 ± 0.64 
mg/g），后趋稳定于 1.88 ± 0.18 mg/g。N、P 释放模式有所差异，N 元素分解初
期富集，分解后期释放；P 则出现富集-释放-再富集的过程。采用单指数衰减模
型拟合了马缨丹落叶的分解动态（y = 110.0196 e -0.0034x，R2 = 0.9044，P < 0.01），
马缨丹落叶分解的半衰期为 245 天，该模型能够较好的预测落叶的分解过程；利
用多元线性回归分析残留率与各基质（分别为 N、P、N:P、总 N、总 P 和总酚）
之间的关系（y = 0.549 - 0.021 1x  - 0.196 2x + 0.005 3x  + 0.012 4x  + 0.158 5x  
+ 0.004 6x ，R 
2= 0.9992，P < 0.001），说明该模型较好地拟合了各基质对分解过
程中的影响。 后，相关性分析落叶分解过程中残留率与总酚、养分之间的关系，
结果表明：残留率与 P、总 N、总 P 及总酚之间均具有极显著相关（P < 0.001）。





















Lantana camara, Verbenaceae family, is a half evergreen or deciduous shrub, 
which produced in South America amazon river basin. L. camara as a kind of 
ornamental flower was introduced from Netherlands into Taiwan in 1645. It, however, 
spreaded for wildness, and now it overspreads in Guangdong, Guangxi, Hainan, 
Yunnan, Fujian, Taiwan, Hongkong and Macao and other provinces of China. it is 
one of the ten most harmful weeds in the world as its strong adaptation and 
reproductive capacity. The aims of this study are (1) to determine the allelopathy of 
different concentration of water extracts of the leaf and root of L. camara on the 
germination and seedling growth of Vigna radiata, Brassica campestris, Triticum 
aestivum and Oryza sativa; (2) to analyze the seasonal dynamics of total 
phenolics(TP), nitrogen and phosphorus concentration, resorption efficiency (RE) and 
their mutual relationship in the leaves of L. camara; (3) to study the dynamic changes 
of the content of total phenolics(TP) and nutrient level during deciduous 
decomposition process of L. camara and fit utilizing mathematic model to show the 
decomposition pattern of leaf litter. The results were showed as follows: 
1. Different organs and concentration of water extracts from L. camara had 
different allelopathic effects on four receiver plants. The lowest concentration (2 
mg/mL) had slight facilitation effects, while the other higher concentration (20, 50, 
100, 200 mg/mL) showed significant inhibiting effect and the inhibition increased 
with concentration. The sensitivity of water extracts from L. camara was different 
among four tested species. B. campestris was intensely sensitive to allelopathy of L. 
camara, while Oryza sativa was not. 
2. TP in senescent leaves were significantly higher than those in mature, but N 
and P contents were contrary. The highest content of TP in mature and senescent 
leaves occurred in spring(48.44 ± 1.89 and 68.72 ± 6.12 mg/g, respectively), while in 















of N in mature leaves were from 14.61 ± 0.56 to 20.05 ± 0.99 mg/g, and the 
maximum value appeared in spring, followed by winter. However, N contents of 
senescent leaves in different seasons were no significant difference (P > 0.05), and the 
minimum value appeared in spring. The seasonal variation of P contents in mature 
were the same with senescent leaves, the minimum value appeared in autumn, and 
maximum value appeared in winter. 
The N:P in mature and senescence leaves of L. camara were both under 14, 
indicated that L. camara was N-limited. During leaf senescence of L. camara, the 
average nitrogen resorption efficiency (NRE) was higher. It could be considered as 
one of the important nutrient conservation strategies for L. camara growing in 
N-limited condition. 
Correlation analysis showed that TP was positively correlative with nutrient 
contents and N:P (P < 0.05), which suggested that the accumulation of TP and 
nutrient hold synchronism, and this competition advantage could be improved with 
the higher TP level for L. camara. In addition, the relationship between NRE and N 
contents showed significantly positive in mature (r = 0.908, P < 0.001), but 
oppositely in senescent leaves; However, PRE and P contents had no significant 
correlation. 
3. The dynamics of TP and nutrient contents of leaf litter of L. camara during 
decomposition were studied. The results showed that: TP was sharply declined after 
56 days’ decomposition (26.74 ± 1.96 down to 5.59 ± 0.64 mg/g), and then tend to be 
stable(1.88 ± 0.18 mg/g). During this process, N and P contents had different release 
patterns, N enriched rapidly in the early time but released lastly. P enriched at first, 
released then and lastly enriched again. Moreover, the mass remaining of leaf litter 
and various substrate contents of L. camara were studied, fitted those utilizing 
mathematic model and obtained the  model of exponential decay by Olson (y = 
110.0196 e -0.0034x, R2 = 0.9044, P < 0.01), which suggested that the time required for 
the loss of half of the initial dry weight (t50) was 245 days. We also analysis the lost 















mathematical model of the regression equation(y = 0.549 - 0.021 1x  - 0.196 2x  + 
0.005 3x  + 0.012 4x  + 0.158 5x  + 0.004 6x , R
2 = 0.9992, P < 0.001). Finally, 
correlation analysis showed that there were significant correlations among mass 
remaining, P, TP, total N and P contents. Additionally, there was signigicant 
correlation between N, P contens and N:P, as well as N content and TP. These results 
showed that various substrate contents influence each other in the leaf litter 
decomposition process of L. camara. The releasing of allelochemicals, such as 
phenolics, could influence the communities structure of soil microorganism, the main 
soil enzyme activity and soil fertility. A favorable soil environment could be 
developed, which increased the competitive ability and could be considered as an 
important invasive mechanism for L. camara. 
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植物化感作用的概念 早是由德国科学家 Molish 在 1937 年提出，并定义为：
所有类型植物（含微生物）之间生物化学物质的相互作用[3]。随后，Rice 在 Molish
研究的基础上并结合植物化感作用近 40 年的研究成果，在《Allelopathy》第 2
版中，将化感作用较完整的意义定为：植物或微生物的代谢分泌物对环境中其他
植物或微生物有利或不利的作用[1]。20 世纪 60 年代，研究发现灌木能释放一些
萜类物质，通过直接作用或者水雾淋溶到土壤中，从而造成灌木周围不能生长草
本植物，揭示了美国加州灌木和草本植物之间的土壤裸露带是由植物化感作用造

































糖苷类；④生物碱和非蛋白氨基酸。Tang 等研究了 Bigaltn limpograss 根系分泌
物的化感作用, 指出植物生长抑制剂主要是酚类化合物，并采用气相色谱—质谱











































































许多研究表明[44, 53-55]，不同物种 N、P、K 内吸收率存在很大的差异，从各
种营养元素内吸收率来看 N、P、K 这 3 种元素的内吸收率比较高，均超过 40%，
且落叶树种平均内吸收率高于常绿树种。Wang 和 Lin[53]研究表明：常绿灌木九
里香在叶片衰老过程中，叶片中大约 33%的 N、40%的 P 和 26%的 K 转移至多
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